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OBJECTIVES We investigated whether a peer assessment of learning behaviours in PBL is sufficiently valid to support decision making about student professional behaviours.
METHODS Data were available for two cohorts of students, in which each student was rated by all of their PBL group peers using a modified version of a previously validated scale. Following the provision of feedback to the students, their behaviours were again peer-assessed. A generalisability study was undertaken to calculate the students' professional behaviour scores, sources of error that impacted the reliability of the assessment, changes in student rating behaviour, and changes in mean scores after the delivery of feedback.
RESULTS Peer assessment of professional learning behaviour was highly reliable for within-group comparisons (G = 0.81-0.87), but poor for across-group comparisons (G = 0.47-0.53). Feedback increased the range of ratings given by assessors and brought their mean ratings into closer alignment. More of the increased variance was attributable to assessee performance than to assessor stringency and hence there was a slight improvement in reliability, especially for comparisons across groups. Mean professional behaviour scores were unchanged.
CONCLUSIONS Peer assessment of professional learning behaviours may be unreliable for decision making outside a PBL group. Faculty members should not draw conclusions from peer assessment about a student's behaviour compared with that of their peers in the cohort, and such a tool may not be appropriate for summative assessment. Health professional educators interested in assessing student professional behaviours in PBL groups might focus on opportunities for the provision of formative peer feedback and its impact on learning.
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INTRODUCTION
The assessment of students' professional behaviour is an increasingly important part of the medical school curriculum. As well as supporting student learning, it offers opportunities for the early detection and timely remediation of students who display difficult behaviours. Some schools have used peer assessment within problem-based learning (PBL) groups with the expectation that scores will inform appropriate action by faculty staff with reference to difficult students. What has not been fully explored is whether inferences about the behaviour of a student within a PBL group can be generalised to support claims about that student's behaviour relative to that of the whole cohort. We argue that current studies in this area do not provide sufficient evidence to reassure medical educators that scores derived from peer assessments of student behaviours represent a fair and valid basis on which to make decisions. This study was specifically designed to address the question of whether a peer assessment of learning behaviours intended for making decisions about students' professional behaviours is reliable within a PBL group compared with across groups. Its second objective was to elucidate how peer rating behaviours might be impacted by peer feedback.
There are several reasons for introducing peer assessment of professional behaviours into the PBL setting. [1] [2] [3] [4] These include developing the skills and behaviours of students in the context of discussing clinical issues in a group, and promoting lifelong learning skills in giving and receiving feedback, as well as providing opportunities to identify inappropriate student behaviour. The learning environment of PBL, in which students work together in small groups in a highly self-directed and experiential learning activity, is well suited to fostering appropriate professional behaviours. 5 An advantage of peer assessment is that whereas tutors have only limited time to observe each student, students have many opportunities to observe each other, which can provide a richer, more authentic picture of the student. 6, 7 Feedback is thought to demonstrate to students what is understood by 'good' behaviour, and to help to diagnose the gap between their current behaviour and the desired behaviour. 8 Although students may have reservations about the use of peer assessment, 2, 6, 9 the quality of the contributions that students make during tutorials strongly affects the quality of the discussion and therefore group functioning. 4 If students have a key role in driving learning, it seems reasonable that they should be generating and soliciting their own feedback. 10 Peer assessments of professional behaviours can prepare students for practice in contexts in which work-based assessment of junior doctors has been instituted. [11] [12] [13] [14] Peer assessment in this context is thought to lead to performance improvement, 15 although individual factors, the context of the feedback, and the presence of facilitation have profound effects on the response. More broadly, resistance to accepting feedback is considered a marker of unprofessional behaviour by some. 16 In the context of decisions about students' professional behaviours, peer assessments are considered by some to have sufficient utility to be used summatively, despite student ambivalence towards judgements of these behaviours. 17 They are thought to have high reliability and to provide stable estimates of error variance across independent cohorts of raters 18 if sufficient numbers of observers are used. Peer ratings are thought to be more reliable than self-or tutor-based assessments. 2, 19 In this paper, we focus on the critique of peer assessments of professional behaviours that have been used within PBL. A variety of methodological approaches have been used to provide validity evidence to support the use of peer ratings in this context. A handful of studies have established the internal structure of a particular peer assessment instrument used in the local context, described its relationship with other variables of interest, and provided some evaluative data about acceptability. Kamp et al. 4 developed and validated the Maastricht Peer Activity Rating Scale (M-PARS), a tool measuring constructive, motivational and collaborative factors in the PBL tutorial. It was found to have good model fit using confirmatory factor analysis, with high correlations among the three subscales. In addition, generalisability (G) studies were conducted in order to examine how many different peer ratings were necessary to ensure a reliable evaluation of one student. When students were evaluated by at least four of their peers, the G coefficient was 0.77. 4 However, importantly for our research, the design of the G study was not fully reported, and it was unclear whether this figure related to students' peer assessment scores within their own PBL group, or to students' scores across all PBL groups. van Mook et al. 20 have shown that web-based peer assessment of professional behaviours is acceptable to students and significantly increased the amount, although not the quality, of written feedback, and suggested that a group of five raters was optimal. Papinczak et al. 3 developed a peer assessment instrument in which the internal consistency (Cronbach's alpha) of peer averaged scores across all PBL groups ranged from 0.66 to 0.77. Other evidence of validity that has been reported demonstrates that students consistently over-marked their peers, particularly those with sceptical attitudes to the peer assessment process. 3 Generalisability theory was not used. Papinczak et al.
3 also demonstrated correlations with both selfand faculty-based assessments in the PBL tutorial, and showed modest correlations. Peer averaged scores correlated moderately with tutor ratings initially (r = 0.40) and improved over time (r = 0.60). 3 Reiter et al. 21 developed an instrument to enable students in PBL groups to rank the professional behaviours of their peers. This proved an unreliable measure of tutorial performance because ratings were inconsistent from one week to the next, as well as across raters within a week. 21 Sullivan et al.
19
found a moderate correlation between peer and tutor ratings, and very little correlation between selfand tutor ratings. In these papers, no consideration was given to the reliability of the measure of withingroup performance compared with the performance of students across groups; the present study addresses this gap in the literature.
Research approach
An opportunity to investigate our research aim arose when Sydney Medical School implemented a peer assessment system in which students rated their peers in their PBL tutorial groups as part of a required formative assessment. Approximately 2 weeks after the first peer assessment, at the end of a PBL block, all students received an individualised summary of the peer feedback provided by their PBL group members. A second peer assessment was undertaken in a later block. This particular implementation of peer assessment in PBL gave us the opportunity to carry out a quasi-experimental pre-/post-design study. In this design, we were able to determine whether there were changes between both students' professional behaviours and their rating behaviours before and after receiving feedback. We used the validity framework devised by Cook et al., 22 derived from Kane, in order to frame our research questions. There are four components: (i) scoring (the derivation of observed scores from the peer assessment instrument); (ii) generalisation (the use of the observed scores to generate an overall test score representing professional behaviour in the PBL tutorial setting); (iii) extrapolation (drawing an inference regarding what the test score might imply for the professional behaviours of students), and (iv) implications (determining whether, if the scores are credible and reasonably free from error, they might be used in the summative assessment of professional behaviour and provide opportunities for the early detection and timely remediation of students who exhibit problem behaviour). In this paper, we focus on the scoring and generalisation argument in order to discuss the implications of both the professional behaviour scores and the rating behaviour of the students.
In order to investigate the generalisability of peer assessment scores, we derived the sources of error in the peer measurement related to assessor factors, which did not relate to the construct of interest. Assessor stringency/leniency is a first-order effect and is defined as the consistent tendency of assessors to use either the top or the bottom end of the rating scale. Assessor subjectivity refers to assessor preference for assessees, and includes how different assessors favour different examples of questions differently over and above their baseline stringency. 23, 24 To address our research aim, we posed three questions: (i) What is the degree of student assessor stringency/leniency and subjectivity in a peer assessment of professional behaviours within a single PBL group and across PBL groups? (ii) What is the impact of the receipt of peer feedback on student assessor stringency/leniency and subjectivity? (iii) To what extent are changes in a student's peer assessment scores after the receipt of feedback related to changes in the rating behaviour of his or her peers, and to what extent are they related to changes in personal professional behaviours?
METHODS

Instrument development
The peer assessment instrument used in this research was intended to stimulate reflection with two purposes: (i) to cue desirable behaviour changes as the student considered his or her own performance profile, and (ii) to cue desirable rating behaviour changes as the student considered experientially, from a recipient's perspective, the meaning and significance of the rating responses he or she was providing for others. This instrument was a modified version of a previously validated peer assessment instrument for use in PBL groups. The original scale had been developed by Papinczak et al.
3 using quantitative and qualitative data collected from tutor assessments of students' PBL performance at the University of Queensland. The original tool included 17 items across five domains (responsibility and respect, information processing, communication, critical analysis and self-awareness) as demonstrated in the presentation of a case summary. Students rated the strength of their agreement or disagreement with statements about their peers' performance in that week of PBL tutorials using a 5-point Likert-type scale (1 = totally disagree, 5 = totally agree). This was used after the designated student had presented a summary to the group, which gave the student a specific opportunity to display communication skills and educational leadership. The version of the Papinczak et al. 3 instrument used in this research was modified following consultation with Sydney Medical School PBL tutors, academics and students. They recommended that particular items should be dropped in order to shorten the scale to achieve a better fit for this particular setting. The final scale used in this research consisted of nine items across five domains, and a global rating (item 10); it is given in Fig. S1 . The mean score of the instrument for each student was calculated across the nine items and the ratings of students within that student's PBL group (n = 9-14).
PBL in the research context
Sydney Medical School had introduced PBL in 1997, within a 4-year graduate-entry programme, and had originally used a three tutorial-based system in the first 2 years of the course. This was delivered by an integrated information technology (IT) system to control and manage content, and was extensively evaluated. [25] [26] [27] However, in line with many medical schools internationally, consideration of the resources needed to sustain PBL 28 resulted in the adoption of a two tutorial-based system in 2012. Working in collaboration with group members, students analyse a problem of practice, formulate hypotheses, and undertake self-directed learning to try to understand and explain all aspects of the PBL problem. The explanations are encouraged to take the form of an underlying process, principle or mechanism. The two 1.5-hour tutorials are held on the same day. The first is student-led and uses the extensive IT materials to support the development of the case, whereas the second is facilitated by a tutor. Each block is 8 weeks long. Students are given an orientation to the format of PBL prior to commencement, and are able to access a student handbook detailing the instructional method. Students were randomised into PBL groups, which then changed as students moved from the first to the second year in their programme.
Peer assessment
The quasi-experimental design used to answer our research questions is given in Fig. 1 . The peer assessment of PBL performance was made a required formative assessment within the curriculum theme of personal and professional development (PPD), and thus participation by students was compulsory. Students had received prior formal instruction on how to give and receive feedback within a whole-class lecture, supported with online written materials. For students in Year 1, this occurred in the foundational block before the commencement of PBL, whereas for those in Year 2, instruction was provided 3 weeks before the commencement of Block 7. Each student was required to complete the online assessment for every other student in his or her PBL group within 1 week of being invited to do so. Additionally, each student was required to give constructive written feedback on the contributions to the PBL group of a minimum of four group members. The names of two of these group members were assigned by the software and two were chosen by the student giving the feedback. Thus each student in a year group assessed themselves and was assessed by between nine and 13 PBL group peers on the professional learning behaviour scale, which consisted of nine checklist items (rated on a scale of 1-5, where a score of 5 is good) and a global rating. This was done on two occasions. For Year 1 students, these processes were carried out 24 weeks apart in Blocks 2 (musculoskeletal) and 5 (cardiovascular), whereas for Year 2 students, these processes occurred 16 weeks apart in Blocks 7 (endocrine) and 9 (gastroenterology). No tutor feedback was collected in this period.
Feedback
About 2 weeks after the completion of the block (Block 2 for Year 1 students and Block 5 for Year 2 students), each student was able to access online a confidential report that summarised the feedback provided by his or her peers. A sample report is given in Fig. S2 .
For each checklist item in the scale, the student received his or her self-rating and the averaged student score from the year cohort. Students also received the anonymised free-text commentary made by their peers in the PBL group. Various reports have cited some degradation of the PBL process in other settings, 29, 30 resulting in dysfunctional behaviour. This was also a concern in our setting because of the large group size and the fact that the first PBL session was student-led. Receiving this type of peer feedback was anticipated to change student professional behaviours and result in an increase in mean scores on the second occasion of peer assessment. The students' rating behaviour was expected to improve with a reduction in assessor subjectivity. The PPD coordinator reviewed students with low scores in the peer assessments and looked at the free-text feedback their peers had submitted. A handful of students, across both years, were invited to attend an interview to determine if they required pastoral or academic support.
Data analysis
In generalisability theory, 31 the G study provides a means of quantifying the sources of potential error in the assessment simultaneously, using all of the available data. The student's universe score is derived from all the trials of the assessment design that might hypothetically be carried out, using innumerable sets of tasks, administered on distinct occasions, with innumerable ratings of each performance by informed assessors.
A variance components analysis estimated the contribution that the wanted factor (the professional behaviour of the student) and the unwanted factors (e.g. the impact of the student assessor) made to the variation in peer assessment scores. Variance estimates were then combined 23 to provide an index of reliability (the G coefficient). A strength of this approach is that future modifications of the assessment programme that address the main sources of error identified in the initial study can be planned.
We used the general linear model within IBM SPSS Statistics for Windows Version 20.0 (IBM Corp., Armonk, NY, USA) to undertake a G study. The overall checklist score was used as the dependent variable because factor analysis demonstrated a unitary structure and the items had been chosen to provide an exhaustive representation (rather than a sample) of professional behaviour in the PBL context. The G study was based on a nested model with students as assessees (p) and students as assessors (j), both nested within PBL groups. D studies were conducted to model the reliability of two scenarios. The reliability of comparisons between students within a PBL group is given by:
The reliability of comparisons between students across groups, but within a cohort, is given by: G ¼ Var p =ðVar p þ Var j =n þ Var g þ Var pj =nÞ, where n is the number of student assessors and g is the PBL group.
A standard error of measurement (SEM) was calculated from the square root of the error variances in the appropriate denominator. Multiplying the SEM by 1.96 gives a 95% confidence interval for a hypothetical 'typical' student's score. 32 For our first two Giving Peer Assessment (pre)
Giving Peer Assessment (post) Figure 1 Quasi-experimental pre-/post-test design for two cohorts of students in Years 1 and 2 during a single calendar year of giving problem-based learning (PBL) peer assessment with the intervention being the receipt of summarised peer feedback research questions, we were interested in the circumstances in which the variance of students' scores within the PBL group was greater or less than the variance of students' scores across groups. For our third research question, we were interested in whether the mean peer assessment score would change as a result of the peer feedback given to students.
Ethics
The University of Sydney Research Ethics Committee has a longstanding agreement with Sydney Medical School whereby students on entry sign a waiver to allow the use of their anonymised and routinely collected assessment data for evaluation and research purposes.
RESULTS
Data on peer assessment ratings were available for two separate cohorts within the same academic year on two occasions each. Year 1 students included 305 students learning in 28 PBL groups of nine to 12 students. Year 2 students included 328 students in 28 PBL groups of 10-14 students. The results of the G study are given in Table 1 .
As expected, both wanted and unwanted facets contribute to the variation in professional behaviour scores. Across both cohorts and both iterations the largest contributor to variance was variation in assessor stringency (Var j ), followed by assessor subjectivity (Var pj ), followed by assessee differences (Var p ).
Problem-based learning group means (Var g ) also varied slightly. This kind of pattern is not unusual in judgement-based assessment. 33, 34 It means that each individual rating is not reliable because it is determined more by which assessor makes the judgement than by which student is being assessed. However, as more judgements are considered, the combined result becomes more and more reflective of the differences between students.
Overall, the Year 1 students produced more variable ratings than the Year 2 students (higher absolute variance estimates) and did so without increasing their stringency variation (Var j ). In plain English, this means that they used more of the scale but without tending to become more 'hawkish' or 'dovish'. Some of the extra variance is attributable to greater assessor subjectivity (Var pj ), and some is attributable to assessee differences (Var p ). Of these two, Var p is proportionately greater than Var pj , which means that the Year 1 students' ratings provide more reliable comparisons between their peers than the Year 2 students' ratings. This is particularly true in comparisons across groups, in which assessor stringency is nested and causes error.
Both cohorts show exactly the same pattern of differences in the post-feedback data in comparison with the pre-feedback data. Thus the post-feedback data are more like the data provided by Year 1 students in that they show greater overall use of the scale without an increase in the variation of assessor stringency/leniency, and most of the extra variance is attributable to assessee performance rather than to assessor subjectivity. This, again, results in more Table 1 Variance components of the peer assessment of professional behaviours of Year 1 (n = 305) and 2 (n = 328) students in problem-based learning (PBL) groups reliable comparisons between students, especially across groups. The dependability estimates combining the variance components in Table 1 according to the formulae given earlier are shown in Table 2 .
A peer assessment of 'professional' learning behaviour was highly reliable for within-group comparisons for Year 1 students (G = 0.87), and slightly less so for Year 2 students (G = 0.81). However, reliability was poor for across-group comparisons for both Year 1 (G = 0.53) and Year 2 (G = 0.47) students. There was a slight increase in reliability in both cohorts after receipt of the summarised feedback.
There was no significant difference in mean student scores in the peer assessment of professional behaviours for either cohort and across both iterations of providing peer feedback (Fig. 2) . A hypothetical 'typical' student's 'true' score has a 95% chance of lying within 1.96 SEM of his or her measured score. For relative ranking of students across groups, the confidence interval crosses more than three quartiles, giving less than 95% confidence that a student in the middle of the top quartile has better behaviours than a student in the middle of the bottom quartile. 23 This is another way of understanding the low reliability coefficient, which synthesises the information about score precision and score spread.
DISCUSSION
Our findings show that a peer assessment of professional learning behaviours used in PBL groups was highly reliable for within-group comparisons, but poor for across-group comparisons. This is because the stringency/leniency of fellow students as assessors is so variable and they are nested within groups. We also found that receiving feedback from peers impacts the process of assessing the behaviour of fellow students. Feedback increased the range of ratings given by assessors and brought their mean ratings into closer alignment. More of the increased variance was attributable to assessee performance than to assessor stringency and hence there was a slight improvement in reliability, especially for comparisons across groups. In our study, there was a difference between Year 1 students and Year 2 students, in that ratings were less reliable in the Year 2 PBL groups. However, it is important to remember that both cohorts were first-time raters and first-time recipients of feedback. There was no significant difference in average professional behaviour performance following the receipt of feedback. This makes it more likely that the changes in post-feedback ratings are driven by changes in students' rating behaviour rather than by changes in students' professional behaviours during the PBL.
Implications
Our findings on using a peer assessment tool within PBL for the purposes of decision making on student professional behaviours run counter to the findings of others. 4, 19 If the purpose of the peer assessment is to determine whether an individual student has met the expected standards of professional behaviour in the PBL setting, then our data suggest it would be unsafe to generalise a student's score derived from his or her PBL group peers as a meaningful measure of that student's professional behaviour compared with the cohort. Thus, in the PBL context, it is not possible to draw a reliable inference about the professional behaviours of any student outside his or her group. The implication of our findings is that the professional behaviours score cannot be used in a summative assessment of professional behaviour. However, the tool has potential for formative feedback. In our data, the Table 2 Decision (D) study modelling changes in reliability for groups of 10 students in Years 1 and 2 when considering their professional behaviour scores across groups and within groups both before and after they received feedback on their own problem-based learning group performance provision of feedback had the same demonstrable effect on assessor performance in the two separate cohorts. The intervention of giving feedback was a positive influence in terms of changing the assessing behaviour of peer assessors through their experience of being assessed by and receiving feedback from their peers. This may well be a powerful way to influence rating behaviour in a peer group because it causes assessors to consider both the meaning and the implications of ratings in a direct experiential way. This finding adds to research that has found that the quality of individual contributions to the tutorial group does not improve after the receipt of peer feedback, regardless of whether or not the group is encouraged to reflect. 35 Others have suggested that peer feedback might be more effective for Year 1 students because they are still developing their PBL tutorial behaviour.
8 Figure 2 shows the main reason why ratings given by Year 1 students were more reliable than those given by students in Year 2. Year 1 students do not provide scores with more precision; they are actually less precise, but there is much more performance variance within the cohort so that even less precise scores provide more reliable discrimination between students. Our data showed there was little PBL group effect. This contrasts with findings from another study, which demonstrated a large group effect and in which groups of three to five social science students worked for 10 weeks on a research design project that was assessable by academic staff. 36 Here the group effect was thought to have emerged because groups were self-selected rather than randomised. 36 The larger the group size, the more closely the group mean will reflect the cohort mean in any randomly sampled situation.
A further question concerns which type of quantitative feedback will influence student performance in future iterations of the assessment. In the present study, students were provided with averaged ratings from the cohort. We do not have the data to determine which aspect of the feedback process and feedback profile influenced students' rating behaviour. Similarly, the current data do not elucidate what drives rater error in these ratings, but we plan to investigate these questions using qualitative data.
Students' metacognitive knowledge about the purpose and likely outcomes of peer assessment influence their engagement in performing such a task. Faculty staff will need to prepare students in order for them to have more understanding about the meaning and implications of peer assessment. They will need to understand how reflection and goal setting can influence their own professional behaviours, 35, 37, 38 as well as their peer rating behaviour. Given the paucity of guidance from the literature, a fresh starting point may involve the redesigning of peer assessments from the perspective that students are experts in assessing the behaviours of their peers in the PBL process. In addition, any questionnaire should be designed in a way that ensures it is asking the kinds of questions that are important to student assessors. A similar approach has had some success in enhancing reliability in work-based assessment. 39 Although the process of giving peer feedback may generate formative feedback on the behaviour of a student within his or her group, it is unsafe to draw any conclusions about a student's behaviour compared with that of students in the rest of the year. The degree of unreliability would also be problematic in generating cohort data in which a student's PBL performance is then related to other aspects of student performance and academic outcomes. Health professional educators need to rethink the value of assessing professional behaviours in PBL groups and are advised to focus on the impact on learning and opportunities for formative feedback. More research is necessary to determine whether our results are generalisable to other settings. Medical educators wishing to introduce peer assessment for professional behaviours should consider combining it with feedback based on other methods of observing students' professional behaviour.
Strengths and limitations
That our findings run counter to those of others will be a source of uncertainty for those considering the implementation of peer assessment within PBL. We reflect on three important issues in this research: the generalisability design; the robustness of the peer assessment tool, and the PBL context for student learning. As far as we are aware, this is the first study to use a research design able to estimate the variances of a peer assessment tool within the PBL tutorial both within and across groups. This is one possible reason for the major difference between our results and those of prior work on peer assessment instruments in the PBL setting. 4, 19 We accept that there may be a case for including PBL group variance (Var g ) in the numerator of the across-group decision (D) study design, as well as the variance of the student (Var p ). This has the effect of slightly increasing the predicted reliability, but not substantially enough to change our conclusions. The fully validated version of the tool devised by Papinczak et al. 3 was modified for better context suitability. As the short version used in this study demonstrated good within-group reliability, it is unlikely that the difference in reliability across groups is attributable to instrument differences. At the point at which we were preparing for the implementation of the PBL programme, the study by Kamp et al. 4 had not been published, but it also would have needed modification for our context.
Three student learning factors may have impacted on our findings. Firstly, students may have performed haphazardly in the hybridised PBL tutorial process, with unintended negative impacts on both learning processes and outcomes. 29, 30, 40, 41 Secondly, by contrast with prior research, [2] [3] [4] 21 the peer assessments in this study were collected for the purpose of fulfilling a required formative assessment of professional behaviour in the PPD theme. This is likely to have moderated student behaviours. Thirdly, students may have been influenced by factors other than the summarised feedback in the time between the first and second peer assessments. It is known, for example, that collaborative work in PBL tutorials induces social cohesion through which students develop more understanding about their peers' behaviours. 42, 43 Future research might explore the impact of our approach to the generalisability design using a validated peer assessment tool that is appropriate to the research context.
CONCLUSIONS
Peer assessment of professional learning behaviours may be unreliable for decision making outside a PBL group. Faculty staff should not draw any conclusions from peer assessments about a student's behaviour in comparison with that of their peers in the cohort, and such a tool may not be appropriate for summative assessment. The provision of formative feedback on their own behaviour from their PBL group peers had demonstrable effects on students' behaviour as peer assessors. Health professional educators interested in assessing student professional behaviours in PBL groups might focus on opportunities for the provision of formative peer feedback and its impact on learning.
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